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Chapter I 
INTRODUCTION 
The purpose of this thesis is to study a new non-silver halide photo-
graphic process, and to explore the potential of this process as it relates 
to the requirements of photograp.hic aerial reconnaissance. 
The invention of nuclear weapons and hypersonic aircraft has created 
a demand for new photographic processes and materials for aerial photo-
graphy. The ideal materials must be insensitive to nuclear radiation, 
have adequate sensitivity and also permit rapid in-flight processing. 
The weight and size requirements are such that a material that can be 
processed in dry form is highly desirable. 
As the trend toward miniaturization in camera equipment continues 
the necessity for projection viewing may be more pronounced. 
A need also exists for recording or reproduction materials that can 
be processed quickly, with the usual requirements of stability, resolution 
and image quality. 
The Kalfax process under consideration here meets some of the 
above requirements, and this investigation deals with some of the tech-
nical aspects of sensitivity, processing, and reproduction. 
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Chapter II 
STATEMENT OF THE PROBLSM 
Description of Kalfax Process 
The Kalfax process is a s y s tem of photographic recording different 
in several respects from t h e conv e ntional silver halide system. The 
Kalfax materials are processed by the application of heat to produce the 
visual image. 
There are several methods for obtaining density variations in p h oto-
graphic materials. The most common of these methods is t he absorp-
tion of the inciden t light such as in convention silver halide photography 
where the density is a function of exposed and developed silver grains. 
The other method depends upon light scattering centers that produces 
density variations. The Kalfax materials depend upon the latter method 
of light scattering centers being formed in the emulsion. 
A scattering center can be produced by a change in the refractive 
index of some microscopic region of the emulsion. In the simplest 
system the change is produced by a gas released in very minute 
bubbles within a gelatinous matrix. This is a very unstable process. 
In order for this type of process to be useful for photography, a .· 
stable permanent image must be formed in the emulsion. The Kalfax 
process accomplishes this stability by producing a controlled recon;::; 
struction of the vehicle by photo decomposition of a sensitizer. The 
polymeric vehicle is a highly crystalline plastic, in w h ich the crys-
talline and amorphous non-crystalline regions are arranged at random. 
In the areas where the emulsion (sensitizer) has been exposed to ultra-
violet, local stresses are introduced which influence the reformation 
of the crystals during the development processing cycle. These areas 
-
have a different index of refraction than the amorphous regions. The 
part the sensitizer plays is very important in using this system as a 
photograph ic emulsion. When light is projected upon the emulsion in 
2 
various intensities, the sensitizer is decomposed in relation to the 
amount of energy received. One of the products of decomposition is 
nitrogen or carbon dioxide depending upon the type material being used 
as a se n sit izer. These molecules of gas create pres sure or tension 
in microscopic volumes of the vehicle. 
3 
W he n h eat is a pplie d , as in the development cycle, the crystals 
melt, and simultane o usly the decomposed photo sensitizer begins to 
diffuse through the vehicle. As the plastic vehicle cools, the cry s-
tallites in the region of the decomposed sensitizer are under tens i on so 1 
they form in a shell-like pattern. At these points a scattering center 
a is formed. , 
In order to produce this photo decomposition radiation in the near 
ultraviolet region (3200 to 4000 Angstroms) is necessary. The type 
photo sensitizer used dictates what radiation wavelength is required. 3 
Some experimental emulsion coatings have been made which are sensi-
tive into the lower portion of the visible spectrum. These materials 
may be useful for radar scope photography but will not be discussed 
in this paper. 4 This investigation will be concerned entirely with 
Kalfax materials that are presently available in quantity. 
Areas of Consideration 
A study of the behavior of Kalfax materials is the most logical 
beginning for an investigation of its application. Since very little 
information is available as to its photographic and sensitometric 
properties, it is considered necessary to make a detailed study of 
these areas at the start. 
Several problems associated with the Kalfax process that will be 
discussed are: 
1. Latent Image Stability 
2. Development Temperature 
3. Method of Development 
a. See Appendix A for more detail explanation. 
3. Method of Development (cont.) 
a. Radiant Heating (Infrared) 
b. Hot Liquid 
c. Conductive Heating (Hot Platen) 
4. Clearing of Film (Decomposing of remaining photo-
sensitive dye) 
5. Effect of Pre- and Post-Exposure 
4 
C hapter III 
EXPERIMENTAL TECHNIQUES AND EQUIPMENT 
Materials 
The Kalfax materials that were used in this investigation are 
photog raph ic film and photograph ic paper. The photographic film is 
an emulsion {ph otosensitizer in a polymer vehicle) coated on a tran s-
parent base such as mylar. The photographic paper is the identical 
emulsion coated on a high grade black paper (th e black coating ma y b e 
applied t o white paper which is the genera l procedure). 3 Any refer-
ence made to paper or film, unless otherwise stated, will refer to 
Kalfax materials. The emulsions can be generally divided into two 
t ypes: (a) those of high contrast and {b) those of low contrast. The 
h i gh con trast materials are further classified as slow clearing or quick 
clear ing . The Kalfax materials are further identified with a control 
number. The control number is exemplified as 723001. The 7 (seven) 
designates the year of the coating, the 2 (two) indicates paper or film, 
the 3 (three) shows the type emulsion i.e., (R-1, R-2) and the 00 1 
2 is used to identify the particular run. 
The hig h contrast materials that were available for these tests 
are th e type 94 high contrast quick clearing and type 87 high contrast 
slow clearing . The low contrast material was limited to type 7BTC. 6 
Sin ce the Kalfax materials differ so much in physical appearance 
from th ose of conventional p h oto graphic materials, samples of the 
paper and film before and after development are shown in Figure 1. 
Sens i tome te r 
The sensitometer used for these experiment s consisted of an ultra-
violet source, a s h utter, a photograph ic step wedge and an exposure 
platen. See Fig u r e 2. 
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Figure 1. Samples of Kalfax Materials 
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Two ultraviolet lamps were used in making the sensitometric tests. 
An 85-watt General Electric H85C3 Mercury Lamp was used most ex-
tensively in the early parts of the tests for familiarization purposes. 
When a 250-watt General Electric H250A5 Mercury Lamp became 
available, further tests were made using this as a source. 
Table I shows the radiant energy in watts for each wavelength for 
the 85-watt and 250-watt sources. The 85-watt source was operated 
approximately seven (7) inches from the film or paper being exposed. 
The 250-watt source was used at six (6) and twelve (12) inches distance. 
The film step wedge used was calibrated against a known standard. 
The density of the wedge was also measured for three wavelengths i n 
o o a -
the near ultraviolet (3385A , 3625A , and 4100A ). The ultraviolet 
density is plotted against visual density in Figure 3. 
Developer Unit 
The Kalfax materials are dry process materials and therefore re-
quire only heat in some form to raise the temperature of the emulsion 
to 220°F or 260°F depending on whether paper or film is being devel-
oped. 5 An investigation of possible sources of heat was made pre-
liminary to the actual beginning of sensitometric tests. The primary 
considerations were costs, stability of temperature, and ease with 
which single sensitometric strips could be handled. 
The heated oven was eliminated as unsatisfactory without elaborate 
modifications to maintain temperature equilibrium. A few tests were 
made using a single 500-watt T3 General Electric tubular quartz 
infrared lamp. This was mounted in a reflector with a film holder 
mounted approximately four inches away. This arrangement did not 
give an even distribution of heat and it was difficult to measure accur-
ately the temperature at the surface of the strip being developed. How-
ever, with a properly designed system the infrared would allow immed-
iate use since the temperature lag would be negligible; also the timing 
of the development cycle would be easily controlled. See Figure 4 
for the infrared developer used. 
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Table I= 
MERCURY LAMP PHYSICAL AND ELECTRICAL CHARACTERIS TICS 
AND RADIANT ENERGYa 
Lamp Wattage 85 250 400 
and Type H85-C3 H250-A5 H400-E1 
Lumens (rated) 2800 II, 000 21,000 
Mean Lumens (Approx.) 8,900 16, 400 
Arc Length (Inches) 3/4 2 3/8 2 3/4 
Lamp Operating Volts 250 135 135 
Lamp Operating Current, 0.4 2. 1 3.2 Amps. 
Wavelength Principal RADIANT ENERGY TOTAL WA T TS Band Angstroms . Lines 
(Near Ultraviolet) 
3200-3300 . 32 .38 . 82 
3300-3400 3341 . 45 . 72 2.02 
3400-3500 • 21 .35 . 67 
3500-3600 .21 . 40 • 78 
3600-3700 3654 3.24 6.22 16.05 
3700-3800 . 25 .37 . 73 
3800-4000 .39 .56 1. 18 
a. Adapted from General Electric Lamp Bulletin (Application Engi-
neering Bulletin LD-1) January 1956, prepared by C.E. Weitz. 
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Film Holder Removed 
Film Holder in Place 
Figure 4. Infrared Developer 
12 
Finally a heated platen was chosen as the best suited for this type 
of testing. The time required for the platen to reach the required tem-
perature and s tabilize itself was from 30 to 45 minutes; and this time 
was n ot serious since a number of strips were processed for each 
experiment a nd the duration of each experiment was .Several hours. 
See Figure 5 for a picture of the final design of the developer unit. 
The fin al design was the evolution of se veral tests using the Kalfax 
materials. The reason for the developer platen being inverted was t o 
facilitate removal of the developed film. When the pressure platen 
{rubber bag) is lowered, the film automatically drops away from the de-
veloper platen. In case of static attraction to the plate the film i s ver y 
easily removed without the operator being burned. Since there is no 
accurate timing mechanism employed, particular attention to develop-
:.:n ent times had to be exercised. 
It was found through the process of testing that the emulsion had 
a tendency to stick to the metal developer platen. The film was the 
w orse offender of the two materials. By necessity the film and paper 
were developed with the emulsion side away from the heat source. As 
the emulsion becomes soft during the development cycle, several 
materials {felt, sponge, rubber, and paper) were tried as a pressure 
platen before the inflated rubber bag was finally chosen. Most rriater-
ials tried made an indentation in the emulsion which was detrimental 
to the image when the film was used for projection. The effect of the 
rubber is negligible. 
Method of E xposure 
The Kalfax material to be exposed was placed in direct contact, 
emulsion to emulsion, with th e emulsion step wedge being used. To 
assure good contact throughout the exposure a glass plate was used to 
hold the combination against the aluminum film h older. The glass ab-
sorbed very little of the ultraviolet light. The loss in density through 
the g lass was found to b e O. 01 to 0. 03 density units from comparison 
of an exposure made through the glass with an e xpo sure without the glass. 
The schematic drawing , Figur e 6, show s the general system of exposure. 
The wedge and material were normal t o the optical axis of the source 
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and placed approximately seven inches away from the 85-watt ultraviolet 
source. With the 85-watt source, long exposures were necessary. The 
long exposure times eliminated the need for a very complicated shutter 
mechanism t hus permitting the use of a very simple gravity operated 
slide shutter. 
Sensitometric Technique 
T h e first step to be taken in any quantitative evaluation of a photo-
graphic material is to determine its sensitivity to incident radiation. 
Practical sensitometry involves the measurement of the sensitivity and 
the effect on the image of the treatment it has been subjected to during 
1 
exposure and development. 
The standard photographic technique of exposing the material through 
a step wedge and then measuring the density formed after development 
was used throughout this investigation. The densities are plotted as a 
function of the logarithm of exposure. The gammas, relative speeds, 
relative sensitivities, maximum densities, fog levels and other sensi-
tometric data were measured from these curves. Since the exposure 
is a function of intensity and time, the effects of these factors will be 
discussed separately. 
The use of ultraviolet radiation instead of visible radiation requires 
that the log exposure be plotted in radiometric units (milliwatt-seconds 
per square centimeter) instead of photometric units (meter -candle-
seconds) used in conventional photography. For a comparison, the Kal-
fax materials will be compared with standard Kodak materials. 
As a standard procedure all Kalfax materials exposed and developed 
were subsequently exposed to the ultraviolet source for 30 seconds. 
The purpose of this was to decompose the photo sensitizer that remained 
in the emulsion. This process is referred to as clearing throughout 
the remainder of this thesis. 
All characteristic curves shown are shifted to zero fog to aid in 
making comparisons. 
Preliminary Tests 
Chapter IV 
EXPERIMENTAL RESULTS 
The early tests were initiated with two considerations in mind. 
Since this was a new material and very little information was available 
as to its characteristics, it was first necessary to become familiar with 
its properties and pecularities. It was anticipated that several properties 
might be found that would require more detailed study. The second con-
sideration was to evaluate the equipment and make any changes before 
proceeding with the detailed sensitometry. All of the film used in the 
early tests were samples sent by Dr. F. T. Neth of the Kalvar Corpora-
tion. No control numbers of the film and paper were included but the 
film was later determined to be of the Type 87 high contrast and the 
paper was a high contrast emulsion. The type 94 film that will be later 
analyzed is a later sample of film that was received. 
The first experiments conducted were exposed with the sensitometer 
unit described earlier and with the developer platen shown in Figure 7. 
Latter, when measured for temperature, the platen was found to be 
approximately 40°F below the recommended temperature for permanent 
prints and some 80°F below the temperature required to give film with 
any lasting image quality. However, after six months the image quality 
of the prints appears as good as when originally made. Since these 
early prints were not sensitometr·ic strips, no density comparisons can 
be made for this interim period. It was during these tests that it was 
found important that the pressure platen have a smooth surface, since 
irregularities formed molecular stresses in the surface of the emulsion 
which degraded the projected image. 
The next step that followed this early series of tests was to build 
a developer unit that had a controllable surface temperature range of 
0 0 180 F to 300 F so the effect of development temperatures could be 
studied. The developer unit is the apparatus shown in Figure 5. The 
16 
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Figure 7. Developer Platen Used in Preliminary Tests 
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surface of the plate was calibrated by the use of a Brown Recorder and 
attached thermocouples as shown in Figures 8 and 9. This rnethod was 
only partially successful. The major difficulty encountered in using 
the thermocouple s was in t rying to attach them to the m etal platen with-
out deforming the surface. A jig was made to h old each thermocouple 
in close contact by pressure, h owever, thi s was unsuccessful. Next 
a method using asbestos cups to .hold the thermocouples was tried. The 
asbestos cups were glued to the plate with Duco cement and the jig was 
used to assist in holding the thermocouples to assure positive contact. 
The results were excellent as all eighteen thermocouples remained in 
good contact throughout the calibration measurements; but difficulty 
was experienced in removing the asbestos cups from the plate. Acetone, 
methyl acetate and carbon tetrachloride were used in an attempt to dis-
solve the cement from the metal platen. After several cleanings the 
metal surface was dissolved of the cement but discolorations were 
:.1.oticed where each thermocouple had been attached. Further testing 
with the developer platen using the Kalfax materials gave visual evidence 
of the unequal heating of the plate. In order to further verify these 
observations an attempt was made to measure the temperature of th e 
surface accurately by using a radiometer. These measurements wer e 
to be correlated with an infrared print of the developer platen s u r f ace, 
however, before this test could be completed a decision was mad e t o 
resurface the plate. This was necessary before any further tests were 
conducted, and the temperature measurements made on the plate bef ore 
the refinishing would have no significance. 
A severe difficulty was encountered. Since the p l ate was aluminum, 
it could not be coated satisfactorily with chrome or other desirable metal. 
A process known as "Martin Hardcoat11 was the only method that gave 
an acceptable surface that w o uld with stand the temperatures required 
and give a good d i s t ribution of heat over the ent ire surface. It took 
three att empts at coating the plate before a satisfactory surface could 
be ac h ieved. The t ime remai ning for completion of this report after all 
of the delays encountered was of such short duration that the method 
chosen to check for uniformity of heating of t h is new coating was to ex-
pose and develop several sheets of 8 1/211 x 11 11 Kalfax paper. The paper 
19 
Figure 8. Developer Unit with Calibration Thermocouples Attached 
Figure 9. Thermocouples Attached to Developer 
Platen for Calibration 
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was chosen instead of the film since it was determined in earlier tests 
to be much more sensitive to variations in temperature. These sheets 
indicated uniformity of heating over the entire surface. 
Sensitometric Results 
Ideally an experiment should produce enough data so conclusions 
based on statistical techniques could be obtained from all results. This 
being impossible in this experiment, the author has made an attempt 
to analyze all data objectively in light of all factors encountered. All 
data were plotted exactly as the different properties were observed. 
No smoothing was attempted for any of the characteristic curves until 
in the final analysis. All abnormal deviations were checked to determine 
if the experimental technique produced an error or whether the material 
exhibited the pec:uliaritie s. Where the effect was observed through 
several tests and no changes in exposure or development procedures 
were observed then the behavior was assumed as that of the Kalfax 
material. Each characteristic curve shown represents the avera ge of 
approximately a half-dozen or more curves. 
Throughout this section all characteristic curves shown as a 
standard for a particular film or :paper, are representative for exposure 
times . of e i g-ht minutes or less. The nature of the Kalfax process as 
previously discussed explains why long exposure times affect the charac-
teristic curve adversely. Since the diffusion of the gas out of the vehi-
cle increases with temperature and time, at longer exposure times the 
maximum density is decreased and the speed is likewise affected. Figure 
10 is presented as a typical example, the sample being chosen in this 
case is a high contrast film type 87. The gamma shifts only slightly 
but the maximum density drops rapidly. Also the speed is retarded 
slightly for these longer times. 
a. Kalfax Films 
The characteristic curves for three types of film that were 
examined are shown in Figures 11, 12, and 13. These films are type 
7B TC (low contrast), type 87 (high contrast) and type 94 (high contrast) 
respectively. The densities shown are the printing densities as read 
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from an Ansco Macbeth Densitometer. These densities are shown since 
they are significant if Kalfax film is to be used for printing on standard 
silver halide photographic materials. In addition to the printing densi-
ties the characteristic curves are shown for densities in the blue spec-
a -
tral region (4360 A ). These curves are important if blue sensitive 
papers are used in printing or if the Kalfax positives are to be used for 
projection with predominantly blue light. The blue densities are approx-
imately 25% higher than the printing densities. 
Since a prime consideration for the use of Kalfax materials is to 
give the fleximiTity of printing in normal working illumination, the most 
important density to be considered for the film is the ultraviolet density. 
In this way the feasibility for printing on Kalfax paper from Kalfax film 
can be determined. The ultraviolet density curves are shown in Figures 
11, 12 and 13. From these figures (11, 12 and 13) it is evident that the 
ultraviolet wavelength densities are very similar to the blue wavelength 
densities. A comparison of the maximum printing densities for the three 
film types shows a considerable difference (see Figure 14). However, 
when the absolute density ranges are compared, the three films have 
very similar sh~pe s. The fog leve:l is plotted for the various Kalfax 
film emulsions in Figure 15. 
Two tests were performed that gave some insight as to how the Kal-
fax materials obeyed the reciprocity law (E = It). The first test to 
show reciprocity failure was the rninimum intensity level needed for 
fogging. This test will be described in greater detail in the next section. 
The other test made to further check the exposure relation of intensity 
and time was made using the 250 watt ultraviolet source and varying the 
exposure (It). With each combination of intensity and time an exposure 
was made on the Kalfax film through the Kodak film wedge. After pro-
cessing the Kalfax films the resulting characteristic curves were plotted 
and shifted to the same relative log exposure. The resulting A logE , 
increments showri in Figure 16 is t he reciprocity failure. The low con-
trast 7BTC film exhibits a6. logE of 0. 12 units; where as the high con-
trast Type 87 has a shift of 0. 04 units. 
A more thorough investigation of different intensities would be 
desirable to properly investigate the effects of reciprocity failure. The 
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results obtained with the two different tests, however, do show that 
reciprocity failure does exist. 
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Since the ultraviolet radiation used for Kalfax materials is expressed 
1n radiometric units and the visual radiation used for the silver halide 
materials is expressed in photometric units, the sensitivity comparison 
of Kalfax materials and silver halide materials is very difficult. The 
method used for comparing relative sensitivity in Figure 17 was to ex-
pose a strip of Micro-File through a Kodak film step wedge on the 85 
watt ultraviolet sensitometer at a distance of 14 inches from the source. 
Next a strip of Kalfax film (Type 94 high contrast) was exposed under 
identical conditions. The Micro-F:He was developed in DK-60a at 68°F 
for 4 minutes. The characteristic curves were then plotted using a rela-
tive logE scale. The relative log exposure difference for the three-
tenths gamma (0. 3 'r) position on the two curves is then determined. 
The difference is calculated to be approximately 5. 3 log exposure units. 
This means that the Micro-File is ;~. 2 x 105 times more sensitive to the 
same ultraviolet source. The garnmas relative speeds, density range •s 
and sensitivities are given in Table II. For a comparison of Kalfax 
film and diazo film see Appendix B. 
The Callier 11 Q 11 factor was determined for the Kalfax films Type 
7BTC (low ·:contrast) and Type 87 (high contrast). Because the Macbeth 
Densitometer does not measure true specular densities another system 
was improvised so the true specular densities could be measured. To 
perform this series of measurements the measuring arm of the Macbeth 
was removed and used in conjunction with a condenser enlarger. The 
diaphram of the enlarger was used at an £-stop that just filled the 
aperature of the measuring arm wilth light. The two instruments were 
optically aligned and placed approximately three feet apart. The voltages 
were adjusted so the Macbeth was calibrated for this particular use. 
Then the densities of the desired Kalfax film strips were measured by 
placing the strips in the projected light beam in the plane of the nega-
tive carrier. The densities read from the instrument were the true 
specular densities. Computation of the Callier factor was made by 
2.5 
I 2.0
1.5 I 
~ 1. 0 
•rl 
Ul 
!=! 
(l) 
Q 
• 5 I 
I 0 
e 
MIC:E 0-FILE 
: -- ~ 
- v----/ ~-
v /KALF f<\X FILM 
_.,./ 
~ .. 3~ 
l S.3 I 
I I 
. l.U 1.!.::> z.u L..!:> .::s.u . J.!::> 
Relative Log Exposure 
Figure 17. Kalfax Film (Type 94 High Contrast) Compared with Micro-File. 
e 
.. 
4. c 
(J.) 
~ 
TABLE II 
SENSITOMETRIC DATA FOR KALFAX FILMS 
Material Fog 
I. TYPE 94 
a . P rinting Den sity 0. 09 
o -b. Blue( 4360A [Den sity O. 25 
c. Ultraviolet 0. 27 
II. TYPE 87 
a . Printing Density 
o-
b. Blue(4360A i Density 
c. Ultraviolet 
III. TYPE 7BTC 
0.07 
0.26 
0.17 
y 
1. 03 
1.82 
I. 21 
1. 26 
1. 53 
.96 
a. Printing Den sity O. 07 • 68 
o -b . Blue(4360A ) Density O. 30 1. 30 
c. Ult ravi olet O. 27 • 96 
Relative Sen sitivity 
R.S. = 1 
R.E. 
1. 00 
1. 20 
• 83 
2.14 
2.63 
1. 26 
1. 96 
2.24 
1. 23 
Max . T ransmission 
Density 
.99 
1. 35 
1. 39 
.97 
1.46 
1. 38 
1 . 04 
1. 70 
1. 55 
NOTE: All speeds were fi gured at fo g density plus five ... tenth s (fo g + • 50) . 
Density 
Range 
.90 
1.10 
1.12 
• 90 
l. 20 
1. 21 
. 97 
1. 40 
1. 28 
Latitude 
2. 1 
1. 65 
2.00 
2.2 7 
? 1 
..... -1. 
2.2 
2.15 
2.4 
2.3 
LN 
N 
33 
taking the ratio of the specular to diffuse densities. The graph of the 
Callier factor versus the diffuse density is shown in Figure 18. 
b. Kalfax Papers 
The papers have been analyzed very much like the films; however, 
for the papers only one type of each high and low contrast emulsion are 
shown. The diffuse reflection densities have been measured for the 
papers. Since the papers and filrr.Ls have nearly the identical e mulsions, 
the problem of bubble diffusion from the vehicle is the same. Because 
of this effect the characteristic curves plotted in Figure 19 represent 
exposures of less than eight minutes. These curves are not represen-
tative of the Kalfax papers for exposures longer than these. The h igh 
and low contrast papers are plotted on the same graph for convenienc e 
in comparing gammas and densities. As the Kalfax paper is black before 
exposure and becomes progressively lighter with exposure, the minimum 
reflection density versus time is plotted. This graph of minimum 
density versus time is shown in Figure 20; the two contrast papers are 
plotted on the same graph. 
The Kalfax papers are compared with standard Kodak Azo and Koda-
bromide papers in Figure 21. The relative speeds are computed from 
the characteristic curves obtained by exposing the Kodak paper and 
Kalfax paper under the same conditions. This technique is the method 
employed for measuring the relative speeds of the films outlined above. 
The same 85 watt ultraviolet sensitometer was used with the source at 
14 inches.; The point chosen for the relative exposure difference 
measurements was the one-tenth average gamma (0.1Y} point which 
is just out of the high density region. The Kodak Azo F -1 paper was 
developed in Dektol for one -half (1/2) minute at 6~°F. The Azo material 
was calculated as 2. 88 x 104 times faster than the Kalfax low contrast 
. paper to the same ultraviolet source. The relative log exposure dif-
ference was 4. 46 units. 
The gammas, relative speeds :, density ranges and relative sensi-
tivities are shown in Table III. 
TABLE III 
SENSITOMETRIC DATA FOR KALFAX PAPERS 
Relative Sensitivity 
R. S. = 1 Max. Reflection 
-
Material Fog y R.E. Density 
High Contrast .30 1. 84 1. 00 2.00 
Low Contrast • 40 . 1. 41 1. 25 2.00 
NOTE: , All speeds were figured at fog density plus five ... tenths (fog t • 5). 
Density 
Range 
1.7 
1.6 
Exposure 
Scale 
1.8 
2.15 
UJ 
UJ 
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Threshold Values Necessary for Fogging 
During the process of early experiments it was found that a definite 
minimum intensity level existed to produce an exposure. Below this 
value no change in density could be detected. To further check to see 
if any danger of fogging the film or paper exists when the sensitometer 
is not completely light tight, a nur.nber of strips of paper were placed 
at various distances and places around the sensitometer. These strips 
were subjected to reflected ultraviolet light during subsequent exposing 
of other sensitometric strips for thirty (3Jl) minutes. The paper strips 
were then developed and the density measured on the densitometer. No 
difference in density could be detected from that of an unexposed piece 
of paper. This offers some advantages for handling the material but 
at the same time demonstrates strinkingly that the sensitivity is indeed 
low. 
Effect of Delay in Development After Exposure 
Decay of the latent image is one of the most serious problems in-
vestigated in the Kalfax materials. There is a physical effect which af-
fects the latent image formed during expesure; this is the diffusion of 
the gas out of the vehicle before development. See Figures 22 and 23 
for the effects of development delay. A loss in density of approximately 
0.15 results from a 30 second delay and this loss remains constant up 
to a 16 minute delay, the density then drops another 0.15. This is 
caused by the diffusion of the gas out of the vehicle. As this diffusion 
is a function of temperature, the lower the film temperature the less 
the diffusion. 4 
Some of the speed shifts encountered in the long exposures are caused 
by this diffusion effect. Since the high density areas have the greatest 
amounts of decomposed sensitizer, the gas concentrated in this area 
has the greatest rate of diffusion. The effect is to lower the maximum 
density. 
As the maximum number of scattering centers is desired in both 
the paper and film, it is important to develop the film immediately after 
the exposure. 
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Clearing Time of Film 
This material is very similar to silver halide materials in that even 
after development there exists a number of photo-sensitive chemicals 
that must be removed to prevent further exposures from being made. 
In the conventional photographic rnaterials these photosensitive silver 
halides are dissolved out of the em.ulsion during the fixing process. 
The Kalfax process requires that the photosensitive compounds be de-
composed so the material is no longer sensitive to ultraviolet radiation. 
This is accomplished by subjecting the developed print to ultraviolet for 
a short time. This causes the rernaining diazonium compound to break 
down and diffuse out of the vehicle. This series of tests were run to 
see how various clearing times af:Eected the density. From this infor-
mation, then, an optimum clearing time was determined. The tests were 
run for both papers and films in order to see if the same conditi<;ms ex-
isted for each. The clearing time was determined by exposing and devel-
oping all of the samples under like conditions and then clearing each 
sample for a different length of tirne. Afterwards the characteristic 
curves were plotted and any variations noted. These characteristic 
curves were for printing densities as read from the Macbeth densi-
tometer. When the type 87 high c -ontrast paper is plotted, the maximum 
density difference is 0. 15 in the shoulder region and an average over 
the whole characteristic curve of 0.10 for clearing times ranging for 
1/2 to 4 minutes. 
The difference in density was as great as 0. 35 along the straight 
line portion for an eight minute exposure with no clearing and for 30 
seconds, clearing. See Figure 24. This is not consistent with the results 
of clearing the low contrast papers. 
The clearing of type 94 film shows only a O. 04 difference in density 
for clearing times ranging from 15 seconds to 8 minutes. See Figure 25. 
The type 87 film has an average density difference of O. 06 for varia-
tions in clearing time of 15 seconds to 8 minutes. However, from no 
clearing to 8 minutes clearing the density difference is a maximum of 
O. 20 and an average of 0. 10. 
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It is particularly important that films be cleared before being used 
for making second, and third generation prints. The Kalfax film is opaque 
to ultraviolet upon initial exposure before photo-decomposition of the 
sensitizer, however, as the decomposition proceeds, deeper layers 
of the sensitizer are affected by the incident radiation. 4 The gas formed 
during exposure is used for image scattering centers, but the remaining 
sensitizer is still present in the emulsion. Now, without adequate 
clearing the film will have different characteristics for each successive 
print. This will cause prints of varying density as the film is subse-
quently cleared. The effects of various clearing times can be seen in 
Figure 26. This shows how perturbated the characteristic curves for 
ultraviolet diffuse densities becomes without adequate clearing. For 
faithful reproduction of subsequent generation prints, made from Kalfax 
positives using ultraviolet ·light, it is necessary to clear the Kalfax 
positive for at least two minutes. This time is for the given 85 watt 
source at a distance of seven inches. Obviously the clearing time is 
a function of the intensity of the ultraviolet source. The time of clearing 
is inversely proportional to the intensity. 
Development Temperatures 
The Kalvar Corporation suggests that the Kalfax materials be deve-
loped at the following temperatures: papers at 220°F for two seconds 
and films at 260°F for two seconds. 5 
0 The 220 F temperature for papers was found to be the best condi-
tion for obtaining acceptable prints. With a lower temperature such as 
180°F, as used early in this investigation, longer development times 
were required. With the longer times, reproducability was poor. 
At the higher temperatures, uneven development resulted since 
much shorter development times were required. The time was extended 
shortly and this caused light and dark areas similar to burned spots. 
0 In several of the tests where the paper was developed at 250 F streaks 
were noticeable but for strips developed at 30°F .. 40°F lower tempera .. 
ture these streaks were not seen. The same effects are noticeable in 
the film for temperatures in access of 260°F. Figure 27 shows an ex-
ample of paper that is overheated during development. 
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During Development 
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Post- and Pre-Exposing the Materials 
A very limited series of tests were undertaken to observe what 
effects pre sensitizing and post sensitizing had upon the K.alfax materials. 
The tests are further inconclusive in that no sensitizing times less than 
15 seconds were used. Two different samples of film were tried. One 
was a type 87 film (high contrast) and the other was type 7BTC lot 723233. 
The only effect was to lower the gamma. The characteristic curve was 
flattened by raising the low density regions {fog level). See Figure 28. 
It made very little difference whether the sensitizing exposure was 
applied before or after. 
Age of Material 
As experience was gained in exposing and developing the Kalfax 
materials, some of the early samples began to show an unusual mottled 
effect that was different from anything observed this far. Several attempts 
were made to isolate or eliminate the reason for this unusual effect. 
As a last resort some of the new material was tried and there was no 
evidence of these effects. It is suspected that like any j:>.hotosensitive 
material the sensitizer deteriorates with time. The older paper exhibits 
the same mottled properties as the film under identical conditions. 
The materials have been handled with some caution even though they have 
been opened only under artificial illumination. The storage conditions 
have been at room temperature roughly 70° -80°F and in the original 
containers or equivalent light tight boxes. 
Projection, Use of Kalfax Film 
The anticipated role of Kalfax film is for projection use. As the 
trend toward 70-millimeter .format for aerial reconnaissance cameras 
continues, renewed consideration is necessary for the manner in which 
the photointerpreter will be presented the information obtained. There 
is always a loss in quality for every generation of prints; it then be-
comes advantageous to present the observer with a projected enlarged 
image instead of an enlarged print. Since the Kalfax film is a high 
resolution material, it could be contact printed from the original 
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negative using techniques to insure a minimum loss through printing. 
Since only one generation print is required, no serious losses should 
result. 
Another real advantage is the processing method. The speed with 
which the Kalfax material can be processed is one of the most important 
advantages. 
Kalfax Paper for Printing 
The Kalfax paper also can serve a useful part in the aerial recon-
naissance system. The Kalfax papers can be used as photograph ic re-
production materials. Many military reconnaissance operations are 
conducted in areas where logistical support is a difficult problem. In 
addition to this problem a large number of prints are required to dis-
seminate the reconnaissance information. Under such adverse condi-
tions a completely dry process is very advantageous. 
A number of aerial prints have been made on Kalfax papers. The 
results are very good as can be seen in Figure 29. This is a print 
made on Kalfax low contrast paper from an aerial positive (scale 1:20, 000). 
The information content of the Kalfax prints were as good as the aerial 
positives from which they were printed. Two minor irregularities were 
noticed by most phot ointerpreters. When viewing these prints un der 
ma gnification (3X to 1 OX) the surface texture .is very pitted because of 
t he eruptions of the gas bubbles from the surface. This degrades the 
image slightly. The other irregularity is what appears to be the fibers 
of the paper on which the emulsion is coated. This has a detrimental 
effect upon the information content of the print at the lower limit of 
detection and recognition. 
Figure 29. Aerial Print Made on Kalfax Low Contrast Paper 
from an Aerial Positive. Scale 1:20, 000 .. 
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Chapter V 
CONCLUSIONS 
Many problems in equipment design are to be anticipated when under-
taking a study of an unfamiliar process. This experiment has inherited 
such difficulties through various stages of testing. The most time 
consuming project was the de sign and calibration of the developer unit. 
Here was a requirement for an inexpensive uniformly stable heat source 
that could be varied in temperature settings as desired. The time spent 
on this problem can only be realized indirectly in the precision of the 
results obtained. 
The most important part of the investigation was to become f a milar 
with the sensitometric properties of the Kalfax materials so their value 
to aerial photography could be assessed. In order to accomplish a 
thorough study of all the photographic properties in such a limited time 
would be impossible, therefore, only a few of the most important pro-
perties were investigated. The developed image is the prime consider-
ation in any photographic process; since this image is always a function 
of the latent image, the logical step is the investigation of the latent 
image stability. It was found .with prolonged exposures that the speed 
shifted and the maximum density decreased. At first thought it would 
appear as reciprocity failure but actually it is caused by the diffusion 
of the image forming by-product of the photosensitizer out of the vehicle. 
It was found using the 85 watt ultraviolet source that the diffusion loss 
was negligible for exposures less than eight (8} minutes. Reciprocity 
failure was investigated very inconclusively since only two ultraviolet 
sources were available and these were considered of relatively low in-
tensity. This should be accomplished with sources ranging from at 
least 85 watts to 1000 watts. In using the more intense sources of ra ... 
diation the sensitometer would have to be of the design shown as the 
250 watt sensitometer, this has an accurate timed shutter. However, 
the same sensitometric technique that has been used for all tests would 
be adequate. 
The next photographic property that always is of interest is the pro-
cessing required to transform th e latent image into the developed image. 
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In the case of the Kalfax materials this is the main point of interest since 
it is a completely dry process depending only upon applied heat to develop 
the latent image. There were three methods of development tried, radiant 
heating (infrared), hot liquid, and conductive heating (hot platen). The 
conductive heating was chosen for the use in this study. Next the effects 
of various development temperatures were studied with best results ob-
tained at 220°F for papers and 260°F for films. These temperatures 
could vary plus or minus ten degrees without serious effect on the emul-
sion. However, for temperatures in excess of the plus tolerance for 
each material (paper or film} a very noticeable rupture of the emulsion 
surface by the escaping gas was observed. 
Another important step that is required as a part of the processing 
of the image is removing the photosensitive dye that remains in the emul-
sion. This process is called clearing the film, and consists of exposing 
the developed image to the ultraviolet source again. The technique is 
particularly important if the Kalfax film is to be used for printing on 
Kalfax paper. Using the 85 watt source for making four (4) minute 
exposures a minimum of two {2) minutes is required to completely clear 
the film. The density of an unexposed piece of Kalfax film has a diffuse 
printing density of one -tenth (0. 1) density units as opposed to a diffuse 
ultraviolet density (3625 A 0 ) .of approximately six and six-tenths (6. 6) 
density units. 
Pre- and post-exposures of the Kalfax strips to ultraviolet radiation 
were made to see how the sensitivity changed. The only result was a 
flattening of the characteristic curve (increasing the toe density) with 
no increase in maximum density. 
Comparison of the Kalfax materials with Kodak printing papers 
(Azo and Kodabromide) and Kodak Micro~E'ile was made in terms of 
relative sensitivity. The ideal measurements would give the absolute 
log exposure of the Kalfax materials and the Kodak materials in the 
same units instead of radiometric units for the ultraviolet radiation and 
photometric units for the visible radiation. The relative speed of the 
Kodak Azo F-1 paper is 2. 88 x 104 times faste~ than the Kalfax paper 
(low contrast). The Micro..Pile is 2. 2 x 10 5 times faster than the Kalfax 
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film type 94 (high contrast). The materials were all 'exposed to the 85 
watt ultraviolet source at a distance of fourteen (14) inches. 
It is obvious that the present Kalfax film can not be used for aerial 
photography because .of its low sensitivity and its spectral response. 
However, with theoretical and experimental research directed toward 
fabrication of a dye sensitive in the visual wavelengths by a sensitivity 
factor of 10 5. then aerial photography can be performed with the Kalfax 
materials. This would allow the advantages of the dry processing to 
be utilized for rapid in-flight processing. The pre sent Kalfax materials 
can be used effectively as reproduction materials. The advantages of 
processing in a normal illuminated room and having a dry developing 
process are two salient features of the Kalfax materials. A number 
of aerial positives have been printed on the Kalfax papers and films. 
The results are very satisfactory. The information content of the Kalfax 
prints examined was as good as the aerial positives from which they 
were printed. Two minor effects were noticed by most photointerpreters 
in reading these prints. When using three to ten power (3X to lOX.) 
magnification the slight surface irregularity caused by the diffusion 
process causes a slight degradation in the printst quality. Another 
irregularity noted was what appears as the fibers of the paper as seen 
through the emulsion. For just detectable objects this fibrous structure 
reduces the recognition probability. A possible military application for 
the Kalfax materials is in the reproduction of prints in forward areas 
where a dry process is important from a logistics standpoint. For 
this type of application ultraviolet sources are available with sufficient 
intensity that exposure times can be reduced to seconds. The equipment 
used must be designed with selectivity and control of such degree that 
desired results can be obtained repeatedly. This also enco.mpass:.es the 
materials sensitometric properties. Sufficient sensitometric data for :.. ::; 
each run of Kalfax material is required. Another important consideration 
in equipment design is the exposed image should be developed immed-
iately to prevent loss of speed by the diffusion of the gas products from 
the emulsion. 
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In addition to the requirements listed another very important demand 
is made upon the photographic reproduction material. It must have per-
manency for many varied storage conditions. The Kalfax materials 
must be thoroughly tested to observe its behavior to this requirement. 
Appendix A 
A MORE DETAILED EXPLANATION OF THE KALFAX 
IMAGE FORMING PROCESS 
The Kalfax process is described as a photographic process that 
uses the principle of light scattering to produce density differences in 
the developed photographic image. The light scattering centers formed 
in the emulsion play the same role in the Kalfax process as the devel-
oped silver grains perform in the standard silver halide emulsions. 
The method of forming the light scattering centers will be discussed 
briefly. In order for a scattering center to form some microscopic 
portion of the emulsion must undergo a change in refractive index . This 
can be accomplished by the formation of a microscopic bubble in t h e 
emulsion. To have a stable image some method must be devised t o 
prevent the diffusion of bubbles from the emulsion. This image s t a bili t y 
and permanency is accomplished in the Kalfax process in a somewhat 
more sophisticated manner. The scattering center is still formed by 
a bubble but in this case it is a minute volume of gas formed by the photo-
decomposition of the sensitizer. Primarily the bubble of gas is used 
to produce a controlled reconstruction of the vehicle during the image 
development cycle. The vehicle is a polymer plastic that is made up 
of random crystalline and amorphous non-crystalline regions. After 
exposure and development the vehicle assumes a different pattern of 
crystalline and amorphous non-crystalline regions from that of the 
random array. The crystalline regions are formed in areas where the 
photo-decomposition of the sensitizer has taken place. These crystal-
line regions follow a general spherical pattern and have different index 
of refraction than the amorphous non-crystalline regions. The form-
ation of the crystallites into the spherical array is dependent upon applied 
heat and the gas products of decomposed sensitizer. Each polymer plas-
tic has a definite melting point and when this temperature is reach ed 
the crystals begin to m elt, thus destroying the crystal structure. 
However, when the temperature is decreased the crystalline region again 
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re-forms in an ordered fashion depending upon the amount of micro-
scopic volumes of gas formed during the exposure. In regions where 
the sensitizer is not decomposed th e random array of crystals and 
amorphous structure are re-formed with no variations in refractive 
index. The scattering cen ter is actually formed by the stress produced 
by the volume of gas but the scattering center i t self is formed by the 
crystalline arrangement of th e plastic vehicle. 
The Kalfax process can be summarized briefly as consisting of t he 
photo-decomposition of a sensitizer into a dye residue and gas mole-
cules of nitrogen or carbon dioxide which during the heating cycle 
(development} diffuses through the vehicle to form regions of high te n -
sion. These small volumes of gas strain the plastic vehicle so that 
upon cooling the crystallites form in a spherical arrangement extending 
outward for several layers. Thus the crystallites have stabilized the 
structure and made a scattering center in the film. The Kalfax process 
depends upon this interaction of the decomposed sensitizer and structure 
of the vehicle to form a scattering center. 
Appendix B 
COMPARISON OF KALFAX FILM TYPE 87 (HIGH CONTRAST) 
WITH A DIAZO FILM 
A comparison of these two materials consists mainly of relative 
sensitivity measurements but the two characteristic curves are shown 
in Figure 30 so a few other sensitometric properties may be observed. 
The experimental data for the Diazo materials was obtained from Mr. 
Joseph Vrabel of the ITEK Corporation, Boston, Massachusetts. Mr. 
Vrabel has been investigating the properties of the Diazo film manu-
factured by the Tecnifax Corporation, Holyoke, Massachusetts. This 
data is obtained by exposing the Diazo materials to the same 250 watt 
ultraviolet source that has been used for the sensitometric investigation 
of the Kalfax materials. The method of performing the sensitometric 
measurements was the same for the two materials that are being compared. 
A different step wedge was used for each material. However, both 
wedges are Kodak film step wedges and the two have been compared on 
a Macbeth densitometer. 
To make the relative sensitivity comparison the three-tenths gamma 
(0. 3 J') point is taken for each material which is just out of the shadow 
region (maximum density}. This is in the toe of the characteristic curve 
for the Kalfax film since it is a negative material and just off the shoulder 
for the Diazo film which is a positive material. There is a difference 
in relative log exposure units of O. 08. This means the Kalfax film is 
approximately 1. 2 times more sensitive than the Diazo film. The other 
general sensitometric data that can be seen from the characteristic :; 
curves are the ma.x:imum densities and fog levels are very similar for 
the two materials. The gamma for the Kalfax film is 1. 48 and for the 
Diazo, l. 05. The other properties of the two films are not considered. 
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ABSTRACT 
The purpose of this study is to investigate the sensitometric pro-
perties of a new non-silver halide photographic process called Kalfax. 
Development of this material is completely dry; it requires only applied 
heat. Special attention is focused on the Kalfax materials in regard to 
future military reconnaissance requirements of rapid in-flight processing 
and photographic materials that are immune to nuclear radiation. The 
Kalfax materials exhibit properties that fill many of these requirements. 
The information obtained from this investigation can be utilized for 
other applications where there is a need for a fast dry photographic 
process. 
A brief discussion of the Kalfax process is given to familiarize the 
reader with the light scattering technique to obtain optical density. The 
mechanics of using a photosensitive material in a polymeric vehicle 
to obtain the light scattering centers are explained. The striking dif-
ferences between the nature of the Kalfax image and convention al silver 
image are discussed to enable understanding of different processe·s ,. .. 
The experimental procedure is outlined. A description of th e equip-
ment used for processing includes the sensitometer (exposing device) 
and the developer unit. Data is given for the ultraviolet source s used 
in the special sensitometers. The various types of heat sources tha t 
are useful for developing are examined. Several problems encountered 
in preliminary tests are described and analyzed. 
The major portion of this the sis is devoted to a detailed analysis 
of the photographic behavior of the Kalfax materials. The character-
istic curves are given for the papers and films. A comparison is made 
between the high and low contrast Kalfax emulsions. Sepsitometric 
quantities such as fog, gamma, relative speed, maximum density and 
exposure range are given for each material. Printing densities, as 
well as, ultra violet densities are measured for the films. The true 
specular densities were determined in addition to the diffuse densities 
so the Callier factors could be computed. Because of the unusual photo-
sensitive process employed in forming an image with t h e Kalfax materials, 
60 
61 
speed shifts are encountered for long exposure times. An explanation 
of this effect in terms of diffusion properties is g iven along with the 
characteristic curves w h ich show these effects. 
Other exposure effects such as reciprocity failure, development 
delay and clearing times are examined. A series of tests to determine 
the effect of pre- and post-sensitization are described and analyzed in 
regard to speed changes. The effects of varying the development temper-
ature are discussed briefly. 
A comparison of the Kalfax materials with conventional silver 
halide materials is made. The Kalfax films are compared with Micro-
~He under the identical exposure conditions. The Micro-File was 2. 2 x 
105 times faster than Kalfax film type 94 (high contrast). Kodak Azo 
printing paper is compared with Kalfax printing paper under the same 
exposure conditions and found to be 2. 88 x 104 times faster. The Kalfax 
materials are lacking in sensitivity b ut the y can be completely processed 
in dry form in a matter of minutes in a normally illuminated room. 
This is one of the advantages to be considered in these materials. 
The use of Kalfax materials in aerial photography is limited at the 
present time because of the low sensitivity. Considerable theoretical 
and experimental work is required in order to realize the potential of 
the Kalfax materials. T here is however, a definite use for the Kalfax 
materials in the reproduction field. An example of the use 0f Kalfax 
paper for reproduction is shown with an aerial photograph printed on 
Kalfax low contrast paper from an aerial positive of scale 1:20,000. 
